ResearchKit is an open-source software framework designed to streamline the process of screening and consenting participants into research studies. By digitizing traditionally analog processes, ResearchKit has potential to increase the reach, efficiency, and scalability of mobile health (mHealth) research. The model has been successfully applied in adult settings. However, to our knowledge, no group has sought to adapt ResearchKit for a paediatric research environment in Canada. The potential benefits for building paediatric mHealth apps compatible with remote eConsent are numerous: (1) access to studies can be broadened from small groups of children and families who live in close proximity to research sites to whole populations across geographical boundaries, (2) increased convenience for study participants because they can complete consent on their smartphone from their home, rather than in person or on paper, and (3) large-scale study enrollment can be conducted with fewer resources than traditional face-to-face methods. We describe the rationale and design of a proof-of-concept observational study focused on implementing remote eConsent in a Canadian paediatric population. A community-based sample of adolescents with arthritis will be remotely onboarded to use the iCanCope pain self-management app for 8-weeks. Outcomes will focus on: (1) fidelity and acceptability of the eConsent process, (2) fidelity of the iCanCope app in terms of engagement and acceptability, (3) participant study experience including level of perceived support and acceptability of study tasks, and (4) clinical outcomes related to use of the iCanCope app over an 8-week period.
Introduction

ResearchKit: a framework to streamline and scale digital health trials
In recent years, numerous calls have been made to address the inherent challenges of rigorously evaluating mobile health (mHealth) interventions [1] [2] [3] . In March 2015, Apple Inc released ResearchKit, an open-source software framework that enables remote study screening and enrollment, including facilitation of informed consent. Historically, the use of in-person enrollment has hindered participant accrual and limited the scalability of clinical research [4] . By transforming the traditional face-to-face screening and consent process into a digital experience, ResearchKit has potential to increase the efficiency and scalability of mHealth research.
The potential benefits for building mHealth apps compatible with remote electronic consent (eConsent) are numerous [1] : access to studies can be broadened from small groups of people who live in close proximity to research sites to whole populations across geographical boundaries [2] , increased convenience because participants can engage with the consent process on their smartphone, rather than in person or on paper, and [3] large-scale study enrollment can be conducted with fewer resources than traditional face-to-face methods.
Evidence of ResearchKit's impact can already be seen through numerous adult research trials [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . These studies offer convincing proof-of-concept for ResearchKit's potential to transform adult clinical trial methodology.
Leveraging ResearchKit for a paediatric context
The ResearchKit platform includes features that could be particularly useful for enabling informed eConsent with children and adolescents. First, it provides a framework to digitally deliver all components of a traditional consent form within simple, digestible modules. Second, it provides opportunities to accommodate different learning styles by embedding explanatory videos and other interactive components to improve study comprehension [16] . Third, it can embed comprehension quizzes to ensure that potential participants understand the study design and required study tasks before deciding whether to take part.
To our knowledge, no group has sought to adapt ResearchKit for a paediatric research environment in Canada. To begin to address this gap, this study will serve as proof-of-concept for the first implementation of ResearchKit-enabled eConsent in a Canadian adolescent population.
Clinical condition of interest: juvenile idiopathic arthritis
Juvenile idiopathic arthritis (JIA) is the most frequent cause of chronic pain in youth and can negatively impact all aspects of healthrelated quality of life (HRQL). Many youth with JIA continue to have clinically significant pain despite medication [17, 18] . Even a small reduction in JIA pain is associated with improved HRQL [17] . Adolescents with JIA are expected to assume increasing responsibility for managing their condition. While considerable progress is being made to improve access to chronic disease self-management by leveraging mHealth, there is currently no comprehensive or evidence-based mHealth app to support adolescents with JIA [19, 20] .
The iCanCope mHealth app for adolescents with arthritis
Our research is focused on development, evaluation, and implemention of iCanCope, the first smartphone-based pain self-management program tailored for adolescents with arthritis. iCanCope has been iteratively developed through a user-centred design approach [17] . The key features are [1] : symptom tracking [2] ; goal-setting [3] , self-management library, and [4] social support (see Fig. 1 ).
Methods
This study was reviewed and approved by the Research Ethics Board of The Hospital for Sick Children (REB #1000060822).
Study aim
Using the iCanCope pain self-management app for youth as a prototypical model for mHealth interventions, this proof-of-concept observational study will evaluate the use of remote eConsent in a Canadian paediatric population.
Research questions
eConsent (ResearchKit) Outcomes: Can remote eConsent via
ResearchKit be successfully adapted for use in a paediatric arthritis population and deployed through the iCanCope app? Specifically: years, does use of a pain self-management app (iCanCope) over 8weeks lead to differences in pain interference, pain intensity, pain coping, pain self-efficacy, self-management skills, and patient global impression of change between T1 (baseline) and T2 (immediately post-program; 8-weeks)?
Trial design and setting
A pragmatic observational study with convenience, communitybased recruitment will be conducted. Adolescents with arthritis will be remotely recruited and onboarded into the study. They will use the iCanCope app for a period of 8-weeks and complete electronic study surveys at baseline (T1) and T2 (immediately post-program). The study will be based at The Hospital for Sick Children (SickKids) in Toronto, which is the largest paediatric hospital in Canada. Fig. 1 . Screenshots of the iCanCope pain self-management app. The app has been developed natively (iOS, Android) through a collaboration between the Centre for Global eHealth Innovation (University Health Network) and The Hospital for Sick Children in Toronto, Canada.
Participant identification and recruitment
A mixture of approaches and strategies will be used to identify and recruit study participants from the community. We will leverage the network of Cassie and Friends (study funder) to reach adolescents with JIA who may be interested in the study. Cassie and Friends is a Canadian charitable organization focused on supporting children and families affected by paediatric arthritis (https://cassieandfriends.ca). As of 2020, their network includes approximately 250 children with rheumatic disease, approximately 125 of whom are aged 11 and older.
Printed materials will be distributed at Cassie and Friends in-person events, targeted emails will be sent to organization members, advertisements will be posted on the organizational website, and curated social media will be targeted (e.g. organization's Facebook page, Twitter feed, Instagram feed). All marketing materials were co-designed with Cassie and Friends and reviewed by the Public Affairs Department and Research Ethics Board of SickKids Hospital.
The study marketing materials contain instructions on how to download the iCanCope app and access the study eligibility screening process. Marketing materials will be playfully themed to recruit 'citizen scientists' into the research study. As per this theme, adolescents will be positioned as investigators in the study and be invited to examine what influences their arthritis pain. This theme is intended to empower youth with arthritis to become engaged in research. See Fig. A. 1for an example of the study marketing materials.
Study enrollment
Individuals will be able to self-enroll into the study by independently accessing the ResearchKit interface. After downloading the iCanCope app onto their personal device, they will be prompted to enter a study access code. This code will be provided on study marketing materials. After successfully entering the access code, the individual will be provided with a brief summary of the research study. They will then be shown an interactive screening survey to assess their eligibility for the study (Table 1) . After completing the screening survey, the individual will either be directed to the consent materials or be notified that they are ineligible for the study (see Fig. 2 for eligibility output screens).
Over a 12-month period, our research team collaborated closely with the SickKids Research Ethics Board to determine how the standard paediatric research consent form could be adapted for ResearchKit delivery. The adaptation process focused on [1] : distilling the content to its most important units [2] , simplifying the language for 12-18 year olds to review independently [3] , incorporating engaging components (e.g. graphics), and [4] adhering to ethical regulations at the institutional and national level.
In terms of content, our goals were to: (i) distill the paper consent (~5-10 single-spaced pages) into discrete modules (e.g. "Privacy", "Time Commitment"), and (ii) display each module on a single ResearchKit screen. As shown in Fig. 3 , each ResearchKit module screen includes a title (e.g. "Time Commitment"), representative graphic, paragraph of content, and a link to secondary page where they can learn more about the given topic. In discussion with the Research Ethics Board, it was agreed that all information that was essential for prospective participants to understand must appear within the paragraph on the primary module screen. Information that was considered supplementary could appear on the secondary "learn more" page, which is optional for the adolescents to view. By leveraging this tiered design, we aimed to streamline the eConsent content while providing adolescents with enough information to make an informed choice regarding study participation. A summary of the eConsent modules for this study is provided in Table 2 .
Intervention
Following eConsent, paticipants will be given access to the iCanCope app. It has 4 main features [1] : symptom self-monitoring through a daily diary of pain, sleep, mood, physical activity, energy, and activity limitations data [2] ; customizable goal setting related to improving pain and functioning [3] ; personalized library of self-management content; and [4] peer-based social support through interaction with other app users. Participants will be encouraged to use the app (via automated push alerts) at least once per day over the 8-week period.
Study surveys
The Research Electronic Data Capture (REDCap) secure web-based survey platform will be used to deliver study surveys in a user-friendly format. Links to the surveys will be embedded in emails sent to participants at the pre-and post-study periods (i.e. T1 and T2). Details of the study surveys are outlined in Table 3 . Infer from ability to understand screening questions, consent form, and knowledge quiz. Note that we will not be able to rule out possibility that a different person helped them to complete these steps.
N/A
# Exclusion Criterion Validation Method Corresponding
ResearchKit Survey Item E. 1 Participant in another iCanCope study (currently enrolled or completed).
Self-report as well as cross reference with hospital records of existing iCanCope participants.
Are you currently enrolled in another iCanCope study?
Sample size
A community-based sample of adolescents with arthritis will be recruited from across Canada. Given that Cassie and Friends currently has a marketing presence in British Columbia, Alberta, and Ontario, we anticipate that most participants will be recruited from these provinces. We will aim to recruit a minimum of 50 participants to evaluate proofof-concept but will attempt to recruit as many participants as possible within the study timeframe. This sample size was determined based on the recruitment pool available from the Cassie and Friends network.
Study compensation
Participants will not receive monetary compensation to be part of the study. The amount of cellular data used by the iCanCope app is negligible (~100 kB) so participants will not incur overage charges as part of the study. They will receive a letter indicating the completion of community service hours and a diploma related to their 'citizen scientist' role in the project. The absence of monetary compensation will help to determine the scalability of this research and hopefully dissuade members of the public from enrolling in the study if they are not adolescents with arthritis.
Data analysis
Data analyses will be performed using SAS v9.3. Distributions of outcome variables at each time point (and on difference scores between time points) will be examined first with summary statistics and graphical tools. For outcome variables with highly skewed distributions, we will either apply transformation or non-parametric test procedures as appropriate.
Analytic approach for research question 1
To determine whether the process of participant screening, enrolment, and app deployment can be automated with high fidelity, coordinator study logs will be examined. "High fidelity" will be defined as minimal technical difficulties encountered during the process of 
Module Description
Welcome
Introduction to the study.
Pay Attention
Advise reader that there is a quiz at the end of the eConsent process.
Privacy
Explain measures taken to ensure privacy of participants.
Time
Outline time commitment involved in the study activities.
Surveys
Describe purpose, content, and number of study surveys.
Benefit
Outline potential study benefits.
Risk
Outline potential study risks.
Care
Advise that the study is not part of medical care.
Leaving the Study
Explain voluntary nature of the study and how to withdraw.
Rewards
Outline study reimbursement.
Questions
Provide contact information and availability of the research staff.
Comprehension Quiz
Multiple-choice quiz to confirm understanding of study.
Review
Display full consent form with "agree" and "disagree" buttons for adolescent to select.
Signature
Capture name and e-signature (time and date stamped).
screening, enrolling, and deploying the app for a majority of participants. Participant perceptions regarding remote eConsent will be explored by summarizing responses on the Acceptability and Satisfaction Questionnaire using descriptive statistics.
Analytic approach for research question 2
Descriptive statistics will be used to explore levels of individual and aggregate participant engagement with each app feature (i.e. check-ins, goals, library, community) over the 8-week study period. Engagement will be defined as described in Table 4 . Participant perceptions about acceptability of the app will be explored via responses on the Acceptability e-Scale. A mean score of greater than 3 on any item indicates item acceptability and a mean score of 4 or greater indicates high acceptability.
Analytic approach for research question 3
Descriptive statistics will be used to explore individual perceptions about participating in a remote and automated app-based study based on Exit Survey responses.
Analytic approach for research question 4
Analyses will be conducted using an intent-to-treat approach. If assumptions for parametric statistics are met, linear mixed models will be used to test intervention effects on pain interference, pain intensity, pain coping, pain self-efficacy, self-management skills, and PGIC outcomes with post-program measures compared between groups and baseline scores as covariates. Additionally, patient characteristics (e.g., gender and age) will be controlled for in the multivariable models.
Data security and storage
All data will be stored on the PHIPPA-compliant servers managed by the Centre for Global eHealth Innovation at University Health Network (Toronto, Ontario).
Discussion
Study limitations
By design, ResearchKit studies are open to the public (i.e. any person with a smartphone can theoretically enroll). Due to resource limitations, we will be unable to independently verify that individuals who enroll are in fact young people who live with arthritis and are the same individuals who complete the study questionnaires (e.g. rather than their parents). We have mitigated risks to data integrity by Ref. [1] : not offering a monetary incentive for participation [2] , disseminating our recruitment materials (containing the study access code) exclusively through Cassie and Friends marketing channels, and [3] embedding a robust enrolment process (e.g. eligibility quiz, e-mail verification, passcode creation) into our ResearchKit consent flow to deter against inappropriate study enrolment. This trial presents a minimal risk to participants due to the questionnaire structure of the study. Currently ResearchKit is only available for Apple devices, which means that only iPhones or iPods can be used in this study. If the eConsent process is found to be feasible using ResearchKit, then we will pursue future work to adapt the eConsent process for Android devices using ResearchStack. Lastly, this study focuses on adolescents with the capacity to provide independent informed consent. If successful, lessons from this proof-of-concept study could be applied in future work to explore adapting ResearchKit for scenarios requiring research assent.
Significance
Through the inaugural use of remote eConsent in a Canadian paediatric population, we believe our approach will be rapid, responsive, To be defined based on usage data
To be defined based on usage data and relevant in evaluating an mHealth app for youth with arthritis. By alleviating access barriers to study participation through remote automated recruitment and consent, the patient experience of participating in research is prioritized. Despite the increasingly pressing need to produce research findings that can keep pace with innovations in health technology, current evaluation practices in mHealth evaluation are still slow and cumbersome [25] . We believe that initiating this shift in both study design and methods for research on paediatric JIA mHealth interventions could have a significant impact on shortening the translation of research into practice, ultimately resulting in a future where youth with arthritis can have timely access to an effective and evidence-based intervention to support disease self-management. The challenges associated with obtaining consent from adolescents through ResearchKit are significant yet must be addressed to advance and accelerate child health research. The iCanCope project is ideally positioned to begin to directly address these gaps in knowledge. This proof-of-concept study represents a unique opportunity to work with partners from paediatric research ethics to generate templates and guidelines for adapting ResearchKit for use in paediatric studies. Through this study, we will generate evidence and accumulate experience that can inform future policies to guide the use of eConsent across paediatric research settings.
